The products of the gas-phase elimination of ethyl chloride are hydrogen chloride and ethane. Using AM1, MNDO and PM3 Hamiltonians of quantum mechanical computer code called MOPAC, a procedure for the kinetics and computation of the Arrhenius parameters for the pyrolytic elimination reaction of ethyl chloride was devised in order to evaluate the predictive ability of the three Hamiltonians used. The first-order rate coefficient for the three Hamiltonians are 1.15x10 -8 s -1 , 4.55x10 -15 s -1 and 5.36x10 -4 s -1 for AM1, MNDO and PM3 respectively. The results obtained showed that the rate constant for the computed Arrhenius parameters compare well with the experimental values in the literature, thus showing that the computational procedure adequately simulates experimental results; also the semi-empirical AMI calculation has the best predictive ability with experiment followed by PM3 while MNDO has the least.
Introduction
The presence of C β -H on the alkyl side of an organic halide, such as chlorides, leads to a gas-phase elimination through a four-centered cyclic transition state type of mechanism. A large number of gas-phase unimolecular reaction, which have been studied, appeared to take place by way of 4-centre and 6-centre cyclic activated complexes 1 . The vast majority of the four-centre reactions are hydrogen halide eliminations from the alkyl halides to produce olefins. The reactions involve dehydrogenations, which go through four-centre transition states. The aim of this study is to devise a procedure for the theoretical study of the pyrolysis of ethyl chloride using semi-empirical approach in order to estimate how it can successfully predict the experimental results. The method is an adaptation of the one that was reported by Adejoro and Bamkole 2 for alkyl acetates.
Computational method and model
The kinetics for the gas-phase elimination reaction of C 2 H 5 Cl into HCl and C 2 H 4 suggest a concerted mechanism. Theoretical calculations using the semi-empirical AM1, MNDO and PM3 methods were performed using MOPAC 3 .
The geometry of the ethyl chloride is defined in scheme 1 below
Scheme 1 H 7 is the β-hydrogen to be eliminated. The usual rules of geometry definition prescribed in MOPAC brochure were applied. Reaction path study was performed for the substrate using H 7 -Cl 3 as reaction coordinate. By decreasing this bond length systematically in many small steps to the bond length in the product (about 1.29A o ), an approximate product structure was obtained and optimized.
Other aspects of the procedure such as saddle calculation, etcetera, were carried out as previously described by Adejoro and Bamkole 2 . The apparent enthalpy of activation was obtained for ethyl chloride through FORCE calculation on both the ground state, gs and transition state, ts, geometries by subtracting the enthalpy of the reactant at 623 K from the enthalpy of transition state at 623 K. The correction computed is subtracted from the apparent enthalpy of activation.
According to the Transition State Theory (TST), for a unimolecular reaction Ea = ∆H * + RT where ∆H * is the corrected enthalpy of activation, at 623 K.
The apparent entropy ∆S * was obtained form the FORCE calculation by subtracting the entropy of the substrate at 623 K from the entropy of the transition state also at 623 K. No consideration was given to the effect of internal rotation because chlorine is a single-atom substituent.
This was obtained by making corrections, (Rlnσ) for symmetry, where σ is the number of equivalent β-hydrogen atoms available for elimination. It is otherwise known as the reaction path degeneracy. This is added and not subtracted as it can only enhance reaction.
∆S* value was used to calculate Arrhenius pre-exponential factor using the relation,
where m is the molecularity of the reaction. The first-order rate coefficient k(T) was calculated using TST 4 , and assuming that the transmission coefficient is equal to unity as expressed in the following equation:
where ∆G* is the Gibbs free energy change between the reactant and the transition state and k′ and h are the Boltzmann and Planck constants, respectively. ∆G* was calculated using the following relation: 
Results and Discussion
Using the three Hamiltonians, the geometries of the reactant 1 and products 2 and 3 are predicted as shown below:
Scheme 2
This study suggests that the gas-phase elimination reaction of ethyl chloride to give HCl and C 2 H 4 occurs by a concerted non-synchronous mechanism. The transition state found is late in the reaction coordinate in relation to the breaking of C 2 -Cl 3 and C 1 -H 7 bonds and the formation of the H 7 -Cl 3 bond. The transition state geometry is shown in scheme 3 below.
Scheme 3.
The transition state geometry for the reaction. The transition state for the reaction is a four-membered ring structure showing a very large C 1 -H 7 distance as well as a large C 2 -Cl 3 distance. Also chlorine is closer to H 7 in the transition state. The geometric parameters shown in Table 1 indicate a product-like transition state. (Table 2) . Table 2 .Comparative theoretical and expected activation parameter at 623 K.
It is encouraging that this transition state satisfies the four criteria prescribed by Kormonicki and McIver 5. The mechanism involves a cyclic transition state in which a β-H atom attacking the chloride atom is part of a four-membered cyclic transition state. This is corroborated by negative entropy of activation 9 In the transition state, C 2 -Cl 3 is stretched, whereas the C 1 -H 7 bond is now a long bond and virtually broken while the Cl 3 -H 7 bond is almost fully formed showing that the gasphase elimination reaction of C 2 H 5 Cl to give C 2 H 4 and HCl occurs by a concerted nonsynchronous mechanism.
The transition state found is late in the reaction coordinate in the sense of the breaking of Cl 3 -C 2 and C 1 -H 7 bonds and the formation of H 7 -Cl 3 bond. Calculated activation parameters are shown in Table 2 and they are in reasonable agreement with experimental value. First order rate coefficient is within an order of magnitude with both the experimental and calculated values.
Result from theoretical (semi-empirical method) approach shows that the reaction proceeds in a concerted mechanism, the TS being product-like or late with respect to reaction progress. The activation parameters are satisfactory and first-order rate coefficient from AM1 Table 2 is within an order of magnitude with both the experimental and calculated values. The semi-empirical AMI calculation has the best predictive ability with experiment followed by PM3 while MNDO has the least. 
